
USOO.5852502A 

United States Patent (19) 11 Patent Number: 5,852,502 
Beckett (45) Date of Patent: Dec. 22, 1998 

54). APPARATUS AND METHOD FOR DIGITAL 5,426,516 6/1995 Furuki et al. ........................... 358/520 
CAMERA AND RECORDER HAVING A HIGH 5,668,596 9/1997 Vogel ...................................... 348/222 

SETION COLOR COMPOSITE IMAGE primary Emine kin yen v 
Attorney, Agent, or Firm-Presseisen & Reidelbach, PLC; 

75 Inventor: John Patrick Beckett, Beverly Hills, Charles F. Reidelbach, Jr. 
Calif. 57 ABSTRACT 

73 Assignee: American Digital Imaging, Inc., Santa The present invention provides an apparatus and method for 
Monica, Calif. producing Series of high resolution color composite images. 

The digital camera has an optical assembly that directs 
21 Appl. No.: 657,607 Visual images to a high resolution monochrome Sensor and 

a lower resolution color Sensor. These two Sensors, which 
22 Filed: May 31, 1996 produce a Succession of frames at the same rate, are 
(51) Int. Cl. ................................................. H04N 1/56 encrypted with a frame number and time code and are Stored 
52 U.S. C. 358/512: 358/515: 358/514 in a frame buffer. The contents of the frame buffer can be 
52) -rr 1512; /515; f transferred to a mass Storage device, or a color rendering 
58 Field of Search ..................................... 358/511, 512, processor that produces a composite image from the mono 

358/514, 515-516, 518-520, 530, 537, chrome frames and color frames. During the processing of 
538; 348/540, 33, 222, 317, 333, 336-337, the composite image, the monochrome grayScale value 

342; 382/167, 284; HO4N 1/46, 1/56 becomes the composite frame grayScale value, the color 
56 Ref Cited frame hue value becomes the composite frame hue value, 
56) CS and the color frame Saturation value becomes the composite 

U.S. PATENT DOCUMENTS frame Saturation value. Alternatively, the monochrome 
frame grayScale value can be used to affect the composite 

R 8. Wins - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 3. frame hue and Saturation values, or the composite frame hue 
2 - - -2 CISWIld . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

5,266,805 11/1993 Edgar ...................................... 382/284 t State al "E. apped t , color frame 
5,282,043 1/1994 Cochard et al.. ue and Saturauon pixel II nearly or non-linearly. 
5,377,024 12/1994 Dillinger ................................. 358/520 
5,379,069 1/1995 Tani ........................................ 348/333 25 Claims, 7 Drawing Sheets 

COLOR 440 
32 RENDERING 

COLOR 
48 RENDERING FM 

24 suBPRESSOs RECORDER 36 
COLOR 

RENDERNG 
SUBPROCESSOR 

COLOR 
RENDERING 

SUBPROCESSOR 

COLOR 
RENDERNG 

SUBPROCESSOR 

7. 
CAMERA 
LENS Y-2 1Y 

8 2O COLOR 22 38 
RENDERNG 

34 -h 46 -h lsvassassi 
COLOR 

RENDERNG 
SUBPROCESSOR 

COLOR SENSOR 

Z 
Sé 

DIGITAL 
RECORDER 

COLOR 
RENDERNG 

SUBPROCESSOR 

    

  

  

  

    

  

  

    

  

  





5,852,502 U.S. Patent 

  

  

  

  

  



U.S. Patent Dec. 22, 1998 Sheet 3 of 7 5,852,502 

SET 
66 MONOCHROME 

FRAME-o- START 
COLOR FRAME-- 

66b 

SET 
MONOCHROME 
SUBFRAME -o- 

COLOR PXEL 
PREVIOUSLY 

DETER SET 
MONOCHROME 

PXE IN 
SUBFRAME-- 

CALCULATE 
GRAYSCALE VALUE 
FOR MONOCHROME 

PXEL 

NCREMENT 
PXEL N 

SUBFRAME UNTL 
MAX + 

MAX + 

NCREMENT 
SUBFRAME UN 
MAX SUBFRAME-- 

MAX SF + 

NCREMENT 
MONOCHROME 

8. COLOR FRAMES 
UNTL BUFFER 

END 
BUFFER END 

BUFFER 
END 

END 

CALCULATE 
HUE 

74. 

CALCULATE 
SATURATION 

N COMPOSTE PXEL 

MIN ED 
DETERM NE 

CORRESPONDING 
PXEL N COLOR 

FRAME 

ASSGN 
GRAYSCALE VALUE 

HUE VALUE 
SATURATION VALUE 

DIGITAL 
RECORDER 

FIGURE 3 

    

  

    

  

  

  

  

  

  

  

  

  

      

  

  

  

    

  

  

  

    

  

    

  

  

    

  

  

  

    

    

  

  

    

    

  

  

  

  

  





U.S. Patent Dec. 22, 1998 Sheet 5 of 7 5,852,502 

START 

SET 
MONOCHROME 

FRAME-e 
COLOR FRAME-> 

96 

98 

5 FOR SUBFRAME 
SET PXE TO 

CALCULATE 
GRAYSCALE VALUE 
FOR MONOCHROME 

PXEL 

OO 

6 

COLOR PXEL 
PREVIOUSLY DETERMINED DETERM NE 

CORRESPONDING 
COLOR PXEL 

CACULATE HUE 
VALUE 

CAL CULATE 
SATURATION VALUE 

ASSGN 
GRAYSCALE VALUE 

HUE VALUE - - - - - - - - adam (e) 
SATURATION VALUE 

85 

IN COMPOSTE PXEL 2 

lo?t SUB FRAMES 
NCREMENT DONEP 

MONOCHROME PXEL 4. 
UNT MAX N YES 
SUBFRAME NCREMEN 

MONOCHROME 
8 COLOR FRAMES 
UNTL BUFFER END 

BUFFER END BUFFER END 

ENO 

FIGURE 5A 

    

    

  

  

    

    

  

  

  

  

  

  

    

    

    

  

    

    

  

    

  



U.S. Patent Dec. 22, 1998 Sheet 6 of 7 5,852,502 

98' 
FOR SUBFRAME 
SET PXEL TO 

CAL CULATE 
GRAYSCALE VALUE 
FOR MONOCHROME 

PXEL 

OO' 

COLOR PXEL 
DETERMINE PREVIOUSLY DETERMINED 

CORRESPONDING 
COLOR PXEL 

CACUATE UE 
VALUE 

CAL-CULATE 
SATURATION VALUE 

ASSGN 
GRAYSCALE VALUE 

HUE WALUE 
SATURATION VALUE 
IN COMPOSTE PXEL 

NCREMENT 
MONOCHROME PXEL 
UNL MAX N 

SUB FRAME 

FILM 
MAX + RECORDER 

DGITAL 
RECORDER 

FIGURE 5B 
94 

    

  

  

    

    

  

  

  

      

  

  

  

  

    

    

    

    

  

  

  

  

  

  

  



U.S. Patent Dec. 22, 1998 Sheet 7 of 7 5,852,502 

SET 
MONOCHROME 

FRAME-- 
COLOR FRAME-> 

8 

SET 
MONOCHROME 
UBFRAME. --- SUBFRAME COLOR PXEL 

PREVIOUSLY 
SET DETER 

MONOC-ROME DETERMINE MIN ED 
PXEL N CORRESPONDING 

SUBFRAME-> PXEL IN COLOR 
FRAME 

CALCULATE HUE 
VALUE 

26 

CALCULATE 
SATURATION VALUE 

ASSGN 
COMPOSTE 
GRAYSCALE 

CAL CULATE 
GRAYSCALE VALUE 
FOR MONOCHROME 
PXEL AND ADJACENT 
PXELS-- ARRAY 

INCREMENT 
PXEL N 

SUBFRAME UNTL 
MAX -- ASSGN 

COMPOSE HUE 
f(ARRAY, HUE) 
COMPOSTE 
SATURATION 

f(ARRAY, SAT.) 

NCREMENT 
SUBFRAME UNTL 

MAX + 

NCREMENT 
MONOCHROME 

& COLOR FRAME 
UNT BUFFER 

END 

END FIGURE 6 

    

  

  

    

  

  

  

  

  

  

  

    

  

    

  

    

  

    

  

  

  

      

    

  

  

  

  

    

  

  

  

  

    

    

  



5,852.502 
1 

APPARATUS AND METHOD FOR DIGITAL 
CAMERA AND RECORDER HAVING A HIGH 
RESOLUTION COLOR COMPOSITE IMAGE 

OUTPUT 

FIELD OF THE INVENTION 

The present invention pertains to an apparatus and method 
of filming and recording color motion picture images. More 
Specifically, the present invention pertains to a digital appa 
ratus and method to film and record high resolution color 
images by combining a high resolution monochrome image 
and a lower resolution color image. 

BACKGROUND OF THE INVENTION 

Presently, apparatuses and methods for filming and 
recording color images can largely be categorized into two 
Separate and distinct groups. First, there are traditional color 
film cameras employing well known emulsion techniques. 
While these Systems provide a high resolution color output, 
they are not digital Systems and thus do not inherently allow 
for digital processing of their recorded information. There 
are many known techniques to digitize the traditionally 
recorded film information. However, these methods are 
employed after the actual recording has taken place. 
Additionally, these methods are expensive and require large 
Storage capacity for the digital data processing. 

The Second group of apparatuses and methods for filming 
and recording color images can be identified as television 
Style methods. In these methods, an electronic Sensor Senses 
an image, creates an electronic signal representing the 
image, and that signal is then recorded. However, in 
television-style methods, such as NTSC, PAL, and the like, 
the Sensor provides an image in a analog format. While there 
are more recent electronic Sensors, Such as charge coupled 
devices (CCDs) which have been implemented in a digital 
format, they are typically still implemented in an analog 
format. 

Both the Standard emulsion proceSS and television Style 
methods present drawbacks. With regard to emulsion style 
methods, Scanning analog images and converting them into 
a digital format is a cost above and beyond the actual cost 
of filming. Scanning can also be a labor intensive proceSS 
that adds to cost. With regard to television style methods, 
most color CCDs are relatively low resolution when com 
pared to the resolution of Standard emulsion film and are in 
an analog format. Accordingly, the information recorded 
cannot be interpolated by well known digital signal proceSS 
ing techniques. 

Also well known are methods for colorizing existing 
monochrome or “black & white' motion picture film stock. 
In Such methods, a first frame of the existing black and white 
footage is randomly outlined to identify regions that will 
take on a particular Set of colors. The determination of the 
outline and Set of colorS is made by an individual human 
operator because the actual color of the items in that first 
frame are unknown. The Set of colors to be applied to the 
region are then Stored in a memory buffer. In each Successive 
frame having that same region, the Set of colors in the 
memory buffer are then applied to that region. Typically, the 
Selection of the regions are not on a pixel by pixel basis. 
Rather, each region will likely correspond to a random 
plurality of pixels. As a result, extremely low resolution 
color information is being added to a high resolution image. 
An additional problem occurs with these methods of colori 
Zation. Specifically, the color information added becomes 
increasingly inaccurate with each Successive frame Subse 
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2 
quent to the first frame. This occurs because the designated 
color region changes in later frames. Accordingly, a method 
to capture color information for each high resolution black 
and white frame would be preferable. 

SUMMARY OF THE INVENTION 

It is an objective of the present invention to reduce the 
Storage capacity required for a high resolution digital color 
image and the collection of Such images. 

It is another objective of the present invention to reduce 
production and post production costs associated with Scan 
ning an analog image and converting the Scanned analog 
image into a digital format for production and post produc 
tion editing of a particular frame or frames. 

It is yet another objective of the present invention to 
eliminate the need for Standard emulsion Stock when pro 
ducing a motion picture. 

It is a further objective of the present invention to provide 
Simultaneous or real-time color rendering So that post pro 
duction costs associated with adding color to high resolution 
monochrome or black and white footage is eliminated, 
Saving time in the production of a motion picture. 

It is a further objective of the present invention to provide 
a high resolution color image using a leSS expensive digital 
camera and recorder by using a lower resolution color 
SCSO. 

In accordance with the present invention, a digital camera 
and recorder is provided by an apparatus having a Standard 
camera lens for viewing an object, a beam splitter for 
directing the image of the object to a first and a Second 
Sensor, the first Sensor being a high resolution monochrome 
or black and white Sensor and the Second sensor being a 
lower resolution color Sensor. The monochrome and color 
Sensors each produce an output which is Stored in a frame 
buffer, wherein the frame buffer stores the Successive frames 
produced by the monochrome and the color Sensors. The 
respective Sensors produce frames at the same rate Simul 
taneously and the frame buffer references both the time and 
number of the frames being stored in the buffer. 
The color image frames may be viewed in real time 

directly on a viewing device, such as a CRT or LCD display, 
attached to the color Sensor. 
A composite high resolution color image is produced from 

a monochrome image and a respective color image. 
Specifically, the color information in one color image frame 
is combined with the monochrome information in one 
monochrome image frame having a corresponding time and 
frame number. 
The images filmed by the digital camera can be edited 

prior to the production of the composite high resolution 
color image. Either the same viewer or a viewer Similar to 
the one attached to the color Sensor may be attached to the 
frame buffer. This viewer displays the previously filmed 
color image frames. An edit controller allows a human 
operator to mark particular color image frames to be dis 
carded. Additionally, the edit controller will allow the opera 
tor to rearrange Single or multiple groups of color frames. 
The frame buffer will then compare and identify correspond 
ing monochrome image frames and automatically discard 
those frames to make the remaining monochrome image 
frames consistent with the color frames. 

Generally, each frame generated by either the mono 
chrome or color Sensor is composed of a respective plurality 
of pixels. Processing of the monochrome and color images 
is achieved on the pixel level. 
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The remaining respective monochrome and color image 
frames are Sent to a color rendering processor. In the present 
invention, the processor calculates the grayScale value for 
each pixel in each Successive monochrome and color image 
frame. The processor also calculates the hue value (color) 
and the Saturation value (amount of color) for each pixel in 
each Successive color image frame. 

In one embodiment, a composite pixel is generated from 
the grayScale value of a monochrome pixel and the hue and 
Saturation values of the corresponding color pixel. In 
another embodiment, a composite pixel is generated from a 
hue and Saturation value mapped to an array of grayScale 
values. The assignment of hue and Saturation values in the 
composite image are controlled, in part, by the values in the 
array. Thus in this embodiment, hue and Saturation are 
affected by high resolution grayScale values. In yet another 
embodiment, the high resolution grayScale values may be 
mapped in a linear or non-linear manner to the color hue and 
Saturation values. 

Because of the higher resolution of the monochrome 
images, more information is contained in those images. 
Accordingly, each frame of a monochrome image may be 
divided into Subframes for more Simplified data communi 
cation. In one embodiment, the color rendering processor 
has a single processor that Sequentially processes the Sub 
frames with corresponding portions of the color image 
frame. In another embodiment, the color image processor 
contains a plurality of Subprocessors equivalent to the num 
ber of Subframes in a monochrome image frame. In this 
embodiment, the plurality of processors calculate grayScale, 
hue and Saturation for the composite high resolution frame 
in parallel allowing for real time viewing of the composite 
images. In this real time embodiment, the composite image 
frames may be sent to a Standard motion picture film 
recorder to produce a master for theater copies to be made 
therefrom. Alternatively, the output of the real-time color 
rendering processor may be sent to a digital projector or a 
viewing device, like a high resolution CRT or LCD display 
device. 

These and other features and objects of the present 
invention will be apparent to those skilled in the art from the 
following detailed description, taken together with the 
accompanying drawings, in which: 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of a System for carrying out the 
apparatus and method of the present invention; 

FIG. 2 is an illustration demonstrating the relationship of 
the Sensors in the present invention; 

FIG. 3 is a flow chart illustrating the steps in the method 
of the present invention; 

FIG. 4 is a block diagram of an alternative system for 
carrying out the apparatus and method of the present inven 
tion; 

FIG. 5 is a flow chart illustrating the steps in an alternative 
method of the present invention; and 

FIG. 6 is a flow chart illustrating the steps in yet another 
alternative method of the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

An apparatus for carrying out the present invention is 
illustrated in FIG. 1 and generally referred to as a digital 
camera recorder 10. The digital camera recorder 10 is 
essentially composed of three Subsystems: the camera 12, 
the editor 14, and the recorder 16. 
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4 
The camera 12 includes a Standard motion picture camera 

lens 18. The lens 18 allows the viewing on an object 19 to 
obtain an image therefrom. The camera lens is optically 
connected to a beam splitter 20 as shown by optical pathway 
26. The beam splitter 20 can be any well known methods of 
dividing up an optical Signal Such as a half-silvered mirror. 
The beam splitter 20 directs a first beam 28 to a mono 
chrome sensor 22 and directs a second beam 30 to a color 
Sensor 24. 
The monochrome Sensor 22 and color Sensor 24 can be 

any well known digital image Sensor. Preferably, both mono 
chrome Sensor 22 and color Sensor 24 are charged coupled 
devices (CCDs). It is possible for either or both the mono 
chrome Sensor and the color Sensor to be photodiode array, 
charge coupled device or holographic Storage. In the present 
invention, monochrome Sensor 22 is high resolution when 
compared to color Sensor 24. AS will be described in more 
detail below, higher resolution monochrome Sensor 22 has a 
greater concentration of charged coupled Sensing elements 
on its Surface as compared to the concentration of charged 
coupled Sensing elements on the lower resolution color 
sensor 24. Both monochrome sensor 22 and color sensor 24 
produce a Succession of frames of the Sensed object at the 
Same rate Simultaneously. The monochrome Sensor 22 can 
be selected from one of many CCDs. One such selection can 
be a CCD operating at 24-48 frames per Second, producing 
3000 lines per frame, having 12 bit dynamic range, and 
providing as much as 4000x3000 of pixels per frame. The 
color image Sensor 24 can be similarly Selected from one of 
many CCDs. One such CCD can be a digitalized version of 
a NTSC television sensor. 

In order to aid in the use of the digital camera 12, a viewer 
32 may be provided. The viewer 32 can be embodied as an 
eye piece o digital Screen giving the camera operator a 
means by which to view the image from the lens. 
The Succession of image frames from monochrome Sensor 

22 are sent to the frame buffer 38 by connection 34. 
Similarly, the Succession of image frames from the color 
sensor 24 are sent to frame buffer 38 by connection 36. 
Because the monochrome Sensor 22 is preferably of a higher 
resolution than color Sensor 24, the amount of information 
per frame, i.e. the number of pixels per frame, of mono 
chrome Sensor 22 is greater than the number of pixels per 
frame of color Sensor 24. Accordingly, connection 34 has a 
corresponding larger bandwidth and Speed than that of 
connection 36. Alternatively, to avoid the large bandwidth, 
connection 34 may be a plurality of connections, as will be 
described below in the alternative embodiment. 

The frame buffer 38 separately stores the succession of 
both monochrome and color image frames. The frame buffer 
38 is capable of encrypting or referencing each respective 
corresponding frame from the monochrome and color Sen 
Sors with a time code and frame number in order to enable 
further identification of the frames during later processing. 
The frame buffer 38 is intended to store these Succession of 
frames for a relatively short time frame when compared to 
the duration of a feature motion picture film. The frame 
buffer 38 can be any well known storage device such as a 
hard disk, data tape, optical read/write disk, holograph 
Storage technique or Some similar digital memory Storage 
device. Although not shown, the information in the frame 
buffer 38 can be downloaded to a larger storage device for 
later processing. 
The editor 14, in FIG. 1, can be utilized to reduce the 

amount of color rendering. Specifically, viewer 40, which 
could be the same or similar to viewer 32, may be used to 
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review the Succession of color image frames in frame buffer 
38. An edit control 42 controls standard reviewing functions 
Such as play, forward, and reverse. The edit control 42 also 
allows a user or editor to identify or mark the color frames 
of the Successions of color image frames that the user wishes 
to discard. Additionally, the edit control 42 allows the user 
to re-arrange the order of the color frames. This reviewing 
and marking can be done repeatedly until the user is Satisfied 
with the editing that has been done. Then, the frame buffer 
38 compares the Succession of monochrome image frames 
with the color image frames and identifies those mono 
chrome frames which correspond to the color image frames 
that were re-arranged or marked for discarding. Accordingly, 
the frame buffer 38 marks those corresponding monochrome 
image frames for re-arrangement or discarding and 
re-arranges and/or discards the corresponding high resolu 
tion monochrome frames. 

The remaining matching monochrome image frames and 
color image frames are respectively Sent to a color rendering 
processor 44 by way of respective connections 46, 48. The 
details of the method of operation of the color rendering 
processor 44 are Set forth in greater detail below. 

The output of the color rendering processor 44 is a 
Succession of composite image frames that contain the high 
resolution of the monochrome image frames and the color 
information from the corresponding color image frames. 
This output is sent by way of connection 52 to a digital 
recorder 50. The digital recorder 50 can be any well known 
mass Storage device, Such as a hard disk, data tape, optical 
media, or holographic media. The color rendering processor 
can be any well known type of Single or parallel processing 
element including microprocessor, microcontroller, ASIC 
discrete logic. 

Turning now to FIG. 2, a Side-by-side comparison of the 
digital frames from monochrome Sensor 22 and color Sensor 
24 is set forth. FIG. 2 only represents a demonstrative 
illustration of the relation of the resolution of the mono 
chrome Sensor 22 images to the color Sensor 24 images. 
Specifically, the number of pixels in either image is only for 
illustrative purposes and is not intended to limit the Scope of 
the invention described herein. AS illustrated, monochrome 
Sensor 22 and color Sensor 24 have Substantially the same 
Spatial proportions. 

In this illustration, the monochrome Sensor 22 is an array 
that is 2048 pixels by 1024 pixels. The color sensor 24, on 
the other hand, is an array that is 512 pixels by 256 pixels. 
In this embodiment, monochrome sensor 22 is Subdivided 
into eight subframes. Multiple lines 52 marks these sub 
frames and multiple lines 55 show the corresponding Sub 
frames lines on the color image. AS all the Subframes are 
identical in size or area, the discussion will be limited to 
subframe region 54 which represents subframe 5, and Sub 
frame region 56 which represents a portion of color Sensor 
24. Further, region 58 is a circular subregion of subframe 
region 54 and corresponds to region 60 on color image 24. 

It is important to note that the necessity of Subregions is 
only a by-product of this particular embodiment of the 
present invention. Specifically, this embodiment contem 
plates the use of multiple lower bandwidth connections 46. 
There would be no need for Subframes in an embodiment 
wherein a Single high bandwidth connection 46 is imple 
mented with an equally high bandwidth color rendering 
processor 44. Accordingly, the number of Subframes and the 
mere existence of Subframes in this embodiment is merely 
demonstrative and not intended to limit the Scope of the 
present invention. 
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Region 58 contains multiple monochrome pixels that 

correspond to a Single pixel 62 in region 60. The corre 
sponding pixels have been identified by diagonal lines. In 
this demonstrative model, the pixels 64, which are sixteen 
(16) in number, correspond to the Single color pixel 62. In 
order to obtain the high resolution composite image frame 
pixel, the grayScale information in each of the pixels 64 are 
combined with the hue and Saturation information of pixel 
62. This process is repeated for each color image frame pixel 
and the corresponding monochrome image pixels. In the 
described embodiment, the Hue-Saturation-Value model, 
well known in the art, was used. Any other well known video 
Sensing model, Such as Cyan-Yellow-Magenta or Red 
Green-Blue, could be used. 

Turning now to FIG. 3, a method for producing the 
Succession of composite color image frames is Set forth. The 
method illustrated in FIG. 3 can be implemented by well 
known methods Such as Single or parrallel processing ele 
ment including microprocessor, microcontroller, ASIC dis 
crete logic. For the succession of frames in frame buffer 38, 
the method begins by Starting with the first monochrome 
image frame and the first color image frame, Step 66a. In 
Steps 66b and 66c, the color rendering processor 44 begins 
by processing the first pixel in the first subframe 54. The 
color rendering processor uses the information Stored for the 
first monochrome image frame pixel and uses the grayScale 
value associated with that pixel, Step 68. The grayScale value 
is the degree of darkness or lightneSS in a particular pixel. In 
the present invention, it is foreseen that the monochrome 
Sensor 22 will produce grayScale values of a fixed bit width. 
For instance, 8 bits of grayscale results in 256 different 
grayScale values whereas 12 bits of grayScale results in 
4096. In the preferred embodiment, the monochrome sensor 
22 produces a 12 bit wide grayScale value, whereas the color 
Sensor produces a 8 bit wide grayScale value. However, any 
number of bit widths may be used to implement the present 
invention. 

The corresponding color pixel stored in frame buffer 38 is 
determined, step 70. From this pixel, a hue value and a 
saturation value are calculated, step 72, 74. The hue value of 
a color pixel is the Shade of color in a pixel. The Saturation 
value of a color pixel is the amount of the hue or shade of 
color in a pixel. It should be noted that each color pixel also 
contains its own grayScale information. This information is 
used in an alternative embodiment. 

Generation of the composite pixel occurs after the calcu 
lation of the grayScale value of the monochrome pixel and 
the calculation of the hue and Saturation values of the color 
pixel. The composite pixel is created by assigning the 
grayScale value of the monochrome pixel to the grayScale 
value of the composite pixel and assigning the hue and 
Saturation values of the corresponding color pixel to the 
composite pixel, Step 76. The resulting composite pixel is 
then recorded in digital recorder 50. 

This process is repeated for each pixel in the first Sub 
frame 1, step 78. Step 78 and logic pathway 80 illustrates 
that the next monochrome pixel is considered until the last 
pixel (with the maximum address) in the first subframe has 
been processed. Logic pathway 85 represents the situations 
wherein Subsequent monochrome pixels correspond to a 
color pixel that was identified in a prior repetition of step 70. 
This repetitive process results in the Sequential execution of 
steps 68, 70, 72, 74, and 76 until the last pixel in the first 
Subframe has been processed. 

Similarly, the repetitive process of executing steps 68, 70, 
72, 74, 76, and 78 for each of the Subframes in a mono 
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chrome image frame is performed, Step 82 and logic path 
way 84. The increment from one subframe to the next occurs 
when the last pixel of each Subframe, except for the last 
Subframe, has been processed. This similarity is further 
paralleled in the processing of one monochrome image 
frame to the next. The repetitive process of executing Steps 
68, 70, 72, 74, 76, 78, and 82 for each frame in the frame 
buffer is performed, step 86 and logic pathway 88. When the 
last pixel of the last Subframe in a monochrome image frame 
has been processed, the next monochrome image frame is 
processed. 

While not shown, the method illustrated in FIG. 3 can be 
operated Such that Successive packets of camera information 
can be loaded into frame buffer 38, processed and then sent 
to a digital recorder. This would allow color processing at 
Some time after the actual filming. 
An alternative preferred embodiment illustrated in FIG. 4. 

Specifically, FIG. 4 illustrates the present invention wherein 
the color rendering processor 44 is a plurality of color 
rendering Subprocessors 44a–h capable of parallel proceSS 
ing at a rate Sufficient to allow for real time viewing or 
recording the composite images. While FIG. 4 illustrates 
eight Separate color rendering Subprocessors 44-a-h, it is to 
be understood that there can be any number of color ren 
dering Subprocessors. FIG. 4 illustrates eight to correspond 
to the demonstrative example set forth in FIG. 2. Therefore, 
it is envisioned that there can be “n” number of color 
rendering Subprocessors. Additionally, as FIG. 4 is similar to 
FIG. 1, the distinctions between the figures will be set forth. 

In FIG. 4, the present invention includes a monochrome 
Sensor 22". The output of monochrome Sensor 22' consists of 
eight connections 34a–h to frame buffer 38'. Each of these 
connections 34a–h respectively correspond to a Subframe of 
monochrome Sensor 22". The color Sensor 24 and connection 
36 remains unchanged. 
As the embodiment illustrated in FIG. 4 is a real-time 

implementation of the present invention, no editing features, 
such as edit control 42 or viewer 40 are provided. Such 
editing can be accomplished at a later time on the composite 
image frames themselves. Frame buffer 38" has the added 
capacity to accept multiple connects 34a–h and organize the 
Successions of Subframes Simultaneously So that they can be 
accessed on connections 46a-h as a Single monochrome 
frame. The time code and frame number marking of corre 
sponding monochrome and color image frames is still per 
formed by frame buffer 38'. 

The color rendering Subprocessors 44-a-h accepts the 
monochrome image frame information in its constituent 
subframe components from connections 46a-h. The details 
of the method for color rendering processing is discussed in 
greater detail below. 

The output of color rendering Subprocessors 44-a-h is 
realtime high resolution composite color images and can be 
Sent to any well known Storage devices by a coordinating 
device, such as multiplexer 45. The multiplexer 45 in turn 
directs the Succession of composite color images to any well 
known mass Storage device. 

In this embodiment, because the output is real time, the 
composite images can be Stored in their digital State or 
converted to an analog output for recordation onto a stan 
dard emulsion. First, the outputs of the color rendering 
Subprocessors can be input to a high resolution display 
element 90. High resolution display element 90 is coupled 
with motion picture film recorder 92. As a result, the 
Succession of high resolution composite images are recorded 
on Standard motion picture film. This implementation would 
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8 
allow for recording of all composite images onto Standard 
motion picture film and editing that film using Standard 
analog film editing equipment. Second, the output can be 
received by a digital recorder 50'. In this implementation, the 
digital recorder records the Succession of composite image 
frames. At a later time, the recording can be played back and 
edited on a digital editing device to result in an edited 
version of the Succession of composite image frames. The 
edited Succession of composite image frames then can be 
displayed on a high resolution display element which is 
coupled to a motion picture film recorder to produce a film 
version of the edited Succession of composite images. 
Finally, the Succession of composite images can be viewed 
directly on a high resolution display 94. High resolution 
display 94 can be any well known Such display Such as any 
large screen LCD or specialized CRT. 

Turning now to FIG. 5, the method of color rendering 
performed by color rendering Subprocessor 44-a-h begins 
with the first monochrome image frame and the first color 
image frame, step 96. The method illustrated in FIG. 5 can 
be implemented by well known methods Such as proprietary 
Software, ASIC or embedded CPU. For each subframe in the 
monochrome image frame, a Separate color rendering Sub 
processor is provided. The following Steps are executed in 
parallel by a number of Subprocessors equal to the number 
of Subframes in a monochrome image frame. This is illus 
trated in FIG.5 by steps 98,100,102,104,106, 108, and 110 
being identical and parallel to steps 98", 100', 102', 104", 
106', 108", 110'. Accordingly, the steps set forth for subframe 
1 are repeated for each Subframe. 
As with FIG. 4, FIG. 5 shows eight Subprocessors in order 

to follow through with the demonstrative example from FIG. 
2. Thus, it is envisioned that there could be “n” number of 
Subprocessors and FIG. 5 is merely demonstrative and not 
intended to limit the Scope of the present invention. 
The color rendering Subprocessor 44a–h begins with the 

first pixel in each subframe, step 98. Then, the grayscale 
value of that first pixel is calculated, step 100. The corre 
sponding color pixel is determined in step 102. From that 
corresponding color pixel, a hue value and Saturation value 
are determined, steps 104 and 106. The grayscale, hue, and 
Saturation value of the composite pixel are assigned, Step 
108, and then the pixel information can be recorded in any 
well known mediums, Such as those discussed above: 
motion picture film recorder 92, digital recorder 50, or high 
resolution display 94. The next pixel in the subframe is 
acquired by the color rendering Subprocessor, Step 110. This 
process continues until all pixels in a Subframe have been 
processed by the color rendering Subprocessor 44-a-h for 
that subframe, step 110 and logic pathway 116. When all 
color rendering Subprocessors have completed processing 
their respective Subframes, Step 112, the next monochrome 
frame is acquired by the color rendering Subprocessor 44-a-h 
and the subframes are distributed to the respective color 
rendering Subprocessors until all of the monochrome frames 
in frame buffer 38" have been processed, step 114 and logic 
pathway 115. 

In FIG. 6, a method is illustrated to calculate the com 
posite pixel hue and Saturation values. The method illus 
trated in FIG. 6 can be implemented by well known methods 
such as proprietary Software, ASIC, or embedded CPU. In 
the below description, hue and Saturation are dealt with 
together. However, it is to be understood that hue and 
Saturation values are independent. Thus corresponding Val 
ues in the color pixel and composite pixel are directed to 
respective hue values or respective Saturation values only. 

Similar to the other methods, the color rendering proces 
Sor begins by acquiring the grayScale values of the first pixel 
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of the first Subframe in the first monochrome image frame, 
Step 118. In the previous approaches, a Sequential method of 
processing the monochrome pixels was described. It is to be 
understood that the below method can be applied to the 
Sequential method. However, in this alternative approach, 
the color rendering processor acquires the grayScale values 
of the pixels Surrounding to the current monochrome pixel 
and calculates an array of variance of the adjacent pixels, 
Step 120. The corresponding color pixel is determined So 
that the hue and Saturation values can be calculated 
therefrom, StepS 122, 124, and 126. The grayScale value is 
assigned to a composite image pixel based on the grayScale 
information of the monochrome image frame, step 128. The 
Significant difference in this embodiment is the methods 
used to assign hue and Saturation values. 

In the present invention, the hue and Saturation resolution 
of the composite pixels are greater than the resolution of the 
color pixels. Only as a demonstrative example, the resolu 
tion of the composite pixel may be 12 bits wide for 4096 
States whereas the bit resolution of the color pixel may only 
be 8 bits for 256 states. As a method to determine the 
composite hue and Saturation values, these values are 
assigned based on the hue and Saturation value of the color 
image pixel and the monochrome grayScale values in the 
array of variances, steps 130, 132. Specifically, the addi 
tional hue and Saturation resolution of the composite pixel is 
Scaled up by the array of variances because the pixels in that 
array have the Same resolution as the composite image 
frames. 

AS with prior methods, the color rendering processor 
increments through the pixels of a Subframe, through the 
Subframes of a monochrome frame, and the Succession of 
frames in the frame buffer 38 until the end of the buffer is 
reached, steps 134, 136, and 138. In this example, incre 
menting the pixels in the subframe, step 134, differs from the 
prior examples because the processor handles an array of 
monochrome pixels as opposed to one monochrome pixel at 
a time. Therefore, when incrementing, it is contemplated 
that an incremental value will be selected So that Subsequent 
array of variances will not affect any previously considered 
monochrome pixel. Although not specifically illustrated, this 
method can also be implemented with a plurality of color 
rendering Subprocessors to achieve real time interpolation. 

The table below illustrates two approaches to calculating 
the composite pixel values. Specifically, this embodiment 
relates to a method of producing composite hue and Satu 
ration values by Scaling up the color grayScale information 
linearly or non-linearly. 

TABLE 

LINEAR APPROACH 
LOWER RESOLUTION COLOR HIGH RESOLUTION COMPOSITE 
PXELHUE AND SATURATION PIXELHUE AND SATURATION 
VALUE VALUE 

Decimal O Decimal 0-15 
Decimal 1 Decimal 16-31 

Decimal 254 Decimal 4064-4079 
Decimal 255 Decimal 4080-4095 
NONLINEAR APPROACH #1 
LOWER RESOLUTION COLOR 
PXELHUE AND SATURATION 

HIGH RESOLUTION COMPOSITE 
PXELHUE AND SATURATION 

VALUE VALUE 

Decimal O Decimal 0-7 
Decimal 1 Decimal 8-15 
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TABLE-continued 

Decimal 254 
Decimal 255 
NONLINEAR APPROACH #2 
LOWER RESOLUTION COLOR 
PXELHUE AND SATURATION 

Decimal 4048-4063 
Decimal 4080-4095 

HIGH RESOLUTION COMPOSITE 
PDXEL, HUE AND SATURATION 

VALUE VALUE 

Decimal O Decimal 0-7 
Decimal 1 Decimal 8-15 

Decimal 254 Decimal 2031-2039 
Decimal 255 Decimal 2040-2047 

AS Shown in the table, the composite pixel hue and 
Saturation values can be linearly mapped from the color hue 
and Saturation information. From the prior examples, where 
the color image frames have an 8 bit resolution and the 
composite image frames have a 12 bit resolution, it should 
be apparent that there are 16 hue and Saturation values for 
each color hue and Saturation value. In the linear approach, 
each color hue and Saturation value can be one of 16 
composite hue and Saturation values. Where there is no need 
to StreSS a particular color or brightness of a color, the 
composite hue and Saturation values are determined in the 
linear approach of 16 hue and Saturation values for each low 
resolution color pixel hue and Saturation value. However, 
where a particular color is to be emphasized, a non-linear 
approach can be taken. 
The nonlinear approach represents an alternative method 

of composite hue and Saturation value calculation. In the 
Situation where a visual Subject is light in Shade, for 
example, there may be a desire to have a greater emphasis 
on lighter hue and Saturation values. Accordingly, increas 
ingly darker low resolution color pixel hue and Saturation 
values are mapped to lighter grayScale hue and Saturation 
values. The above table provides two illustrations of this 
approach. In these examples, the lighter colors and shades 
are represented by lower value decimal numbers. The 
emphasis on lighter colorS is achieved by mapping the lower 
values of low resolution color pixel hue and Saturation 
values to only 8 states. This is to be distinguished from the 
mapping of lower value hue and Saturation values of the low 
resolution color pixel to 16 States in the linear approach. 
Effectively, this approach Scales low resolution color to 
lighter shades in the composite pixel. Further, for darker hue 
and Saturation values of the lower resolution color pixel, two 
approaches are detailed in the above table. 

In the first approach, the hue and Saturation values of the 
lower resolution color pixel are mapped to non-contiguous 
composite hue and Saturation values. For example, low 
resolution color hue and Saturation decimal value 254 is 
mapped to composite hue and Saturation value 4048 to 4063 
and low resolution color hue and Saturation decimal value 
255 is mapped to composite hue and Saturation value 4080 
to 4095 in order to emphasize lighter shades. Specifically, 
the darker colors are leSS prevalent because composite pixel 
values 4064-4079 are not utilized. However, in this 
approach, Some of the darkest color Still remain. 

In the Second approach, the darkest colors are not utilized. 
This is shown by virtue of the fact that low resolution hue 
and Saturation value 254 is mapped to composite pixel hue 
and Saturation values 2031-2039 and low resolution hue and 
Saturation value 255 is mapped to composite pixel hue and 
Saturation values 2040-2047. 
The overall effect of this Scaling is to emphasize lighter 

colors in the composite pixel by forcing the low resolution 
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color to be mapped to lighter composite color values. While 
not specifically Stated, this Same approach can be utilized to 
emphasize any particular range of colorS Such as, but not 
limited to, darker colors, mid range colors, or a specific 
color. 

While this particular apparatus as herein shown and 
disclosed in detail is fully capable of obtaining the objects 
and providing the advantages herein before Stated, it is to be 
understood that it is merely illustrative of the presently 
preferred embodiments of the invention and that no limita 
tions are intended to the details of the construction or design 
herein shown other than as defined in the appended claims. 

I claim: 
1. An apparatus for producing a color image from a visual 

input comprising: 
an optical assembly for receiving Said visual input; 
a first Sensor operably connected to Said optical assembly, 

Said first Sensor producing a monochromatic image 
from Said Visual input; 

a Second Sensor operably connected to Said optical 
assembly, Said Second Sensor producing a color image 
from Said Visual input; 

a processor for producing a composite image from Said 
monochromatic image and Said color image; 

wherein Said first Sensor is high resolution respective to 
Said Second Sensor; 

wherein Said first Sensor produces a first plurality of pixels 
representative of Said visual image; 

wherein Said Second Sensor produces a Second plurality of 
pixels representative of Said Visual image; 

wherein each of Said Second plurality of pixels corre 
sponds to at least one of Said first plurality of pixels; 

wherein each of Said first plurality of pixels has a gray 
Scale value, 

wherein each of Said Second plurality of pixels has a hue 
value and a Saturation value; 

wherein Said composite image comprises a third plurality 
of pixels, Said third plurality of pixels respectively 
corresponding to Said first plurality of pixels, 

wherein each of Said third plurality of pixels has a 
respective composite grayScale value, Said respective 
composite grayScale value being equal to Said respec 
tive grayScale value of Said first plurality of pixels, 

wherein each of Said third plurality of pixels has a 
respective composite hue value, Said respective com 
posite hue value being Said hue value of Said Second 
plurality of pixels, and 

wherein each of Said third plurality of pixels has a 
respective composite Saturation value, Said respective 
composite Saturation hue value being Said Saturation 
value of Said Second plurality of pixels. 

2. A method for reproducing visual images comprising the 
Steps of: 

directing a plurality of Visual images to a first image 
Sensor and a Second image Sensor, 

producing a plurality of monochrome image frames 
respectively from Said plurality of Visual images, each 
of Said plurality of monochromatic image frames hav 
ing a first plurality of pixels; 

producing a plurality of color image frames respectively 
from Said plurality of Visual images, each of Said 
plurality of color image frames having a Second plu 
rality of pixels; 

respectively combining Said plurality of monochrome 
image frames with Said plurality of color image frames 
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12 
to produce a plurality of composite image frames, each 
of Said plurality of composite image frames having a 
plurality of composite pixels; 

wherein the Step of producing a plurality of monochrome 
image frames is producing a plurality of high resolution 
monochrome image frames, Said first plurality of pixels 
is a plurality of high resolution pixels, Said Second 
plurality of pixels is a plurality of low resolution pixels, 
each of Said plurality of low resolution pixels corre 
sponding to at least one of Said plurality of high 
resolution pixels, Said plurality of composite pixels 
respectively corresponding to Said high resolution pix 
els, 

producing a hue variable for each low resolution pixel, 
producing a Saturation variable for each low resolution 

pixel, 
producing a high resolution grayScale value variable for 

each high resolution pixel, and 
producing a plurality of arrays for each of Said plurality of 

high resolution pixels, each of Said arrayS containing a 
plurality of high resolution grayScale value variables 
adjacent to each of Said high resolution pixels. 

3. A method as in claim 2 wherein Said Step of combining 
further comprises the Step of 

adjusting Said hue variable of any one of Said plurality of 
composite image pixels respectively based on one of 
Said plurality of arrayS and respectively based on one 
corresponding Said hue variable. 

4. A method as in claim 2 wherein Said Step of combining 
further comprises the Step of 

adjusting Said Saturation variable of one of Said plurality 
of composite image pixels respectively based on one of 
Said plurality of arrayS and respectively based on one 
corresponding Said Saturation variable. 

5. A method for producing a color motion picture com 
prising the Steps of 

directing a plurality of Visual images to a first image 
Sensor and a Second image Sensor, 

producing a plurality of monochrome image frames 
respectively from Said plurality of Visual images, 

producing a plurality of color image frames respectively 
from Said plurality of Visual images, 

combining Said plurality of monochrome image frames 
with Said plurality of color images to produce a plu 
rality of composite image frames, each of Said plurality 
of composite image frames having a plurality of com 
posite pixels, 

recording Said plurality of composite image frames, 
Viewing Said plurality of color image frames, 
Selectively editing Said plurality of color image frames 

whereby a portion of Said plurality of color image 
frames are discarded or re-arranged to result in a 
resultant plurality of color image frames, 

matching Said resultant plurality of color image frames 
with respective Said plurality of monochrome image 
frames to produce a resultant plurality of monochrome 
image frames, and 

discarding any one of Said plurality of monochrome 
image frames not corresponding to any one of Said 
resultant plurality of monochrome image frames. 

6. A method as in claim 5 wherein Said Step of producing 
Said resultant plurality of monochrome image frames is 
producing a resultant plurality of high resolution mono 
chrome image frames relative to Said resultant plurality of 
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color image frames, each of Said plurality of high resolution 
monochromatic image frames having a first plurality of 
pixels, each of Said resultant plurality of color image frames 
having a Second plurality of pixels, each of Said Second 
plurality of pixels corresponding to at least one of Said first 
plurality of pixels. 

7. A method as in claim 6 wherein Said Step of combining 
Said resultant plurality of monochrome images with Said 
resultant plurality of color images further includes the Steps: 

generating a first grayScale value for each of Said first 
plurality of pixels in each of Said resultant plurality of 
high resolution monochrome image frames, 

generating a Second grayScale value for each of Said 
Second plurality of pixels in each of Said plurality of 
color frames, Said Second grayScale value having leSS 
resolution than Said first grayScale value; 

combining respectively Said first grayScale value and Said 
Second grayScale value to produce a composite gray 
Scale value for each of Said plurality of composite 
pixels in each of Said plurality of composite image 
frames, 

generating a hue value for each of Said Second plurality of 
pixels in each of Said resultant plurality of color frames, 

generating a Saturation value for each of Said Second 
plurality of pixels in each of Said resultant plurality of 
color frames, 

producing a composite hue value for each of Said plurality 
of composite pixels in each of Said plurality of com 
posite image frames from respective Said hue value and 
Said composite grayScale value; and 

producing a composite Saturation value for each of Said 
plurality of composite pixels in each of Said plurality of 
composite image frames from respective Said Satura 
tion value and said composite grayScale value. 

8. A method as in claim 7 wherein combining said first 
grayScale value and Said Second grayScale value is linear. 

9. A method as in claim 7 wherein combining said first 
grayScale value and Said Second grayScale value is non 
linear. 

10. A method as in claim 6 wherein said step of said 
combining Said resultant plurality of monochrome image 
frames with Said resultant plurality of color images further 
includes the Steps: 

generating a grayScale value for each of Said first plurality 
of pixels in each of Said resultant plurality of high 
resolution monochrome image frames, 

generating a hue value for each of Said Second plurality of 
pixels in each of Said resultant plurality of color frames, 

generating a Saturation value for each of Said Second 
plurality of pixels in each of Said resultant plurality of 
color frames, 

generating an array for each of Said first plurality of pixels 
in each of Said resultant plurality of high resolution 
monochrome image frames, Said array containing gray 
Scale values of Said first plurality of pixels adjacent to 
one of Said first plurality of pixels, 

generating a composite hue value for each of Said plural 
ity of composite pixels in each of Said plurality of 
composite image frames from Said hue value and Said 
array, 

generating a composite Saturation value for each of Said 
plurality of composite pixels in each of Said plurality of 
composite image frames from Said Saturation value and 
Said array; and 

generating a composite grayScale value for each of Said 
plurality of composite pixels in each of Said plurality of 
composite image frames from Said array. 
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11. An apparatus for producing a Series of color images 

from a visual input comprising: 
an optical assembly for receiving Said visual input; 
a first Sensor operably connected to Said optical assembly, 

Said first Sensor producing a plurality of monochrome 
image frames from Said Visual input; 

a Second Sensor operably connected to Said optical 
assembly, Said Second Sensor producing a plurality of 
color image frames from Said Visual input, each of Said 
plurality of color image frames respectively corre 
sponding to one of Said plurality of monochromatic 
image frames, 

a processor for producing a plurality of composite image 
frames from Said plurality of monochromatic image 
frames and Said plurality of color image frames, 

wherein Said first Sensor is high resolution respective to 
Said Second Sensor; 

wherein each frame of Said plurality of monochromatic 
image frames has a first plurality of pixels; 

wherein each frame of Said plurality of color image 
frames has a Second plurality of pixels, 

wherein each of Said Second plurality of pixels corre 
sponds to at least one of Said first plurality of pixels, 

a frame Storage assembly operably connected to Said first 
Sensor by a monochrome data line, Said monochrome 
data line transferring Said plurality of monochrome 
image frames, 

wherein Said frame Storage assembly being operationally 
connected to Said Second Sensor by a color data line, 
Said color data line transferring Said plurality of color 
image frames, 

a color image display for displaying Said plurality of color 
image frames Stored in Said frame Storage assembly; 

means to Selectively view Said plurality of color image 
frames, 

means to Selectively discard at least one of Said plurality 
of color image frames, and 

means to automatically discard at least one of Said plu 
rality of monochrome image frames corresponding to 
Said at least one of Said plurality of color image frames. 

12. An apparatus as in claim 11: 
wherein Said monochrome data line is a plurality of 
monochrome data lines, 

wherein Said first Sensor further comprises a plurality of 
Subdivisions, each of Said plurality of Subdivisions 
respectively corresponding to Said plurality of mono 
chrome data lines, and 

wherein each of Said plurality of monochrome frame 
images being comprised of Said plurality of Sub-frame 
imageS respectively corresponding to Said plurality of 
Subdivisions. 

13. An apparatus as in claim 12: 
wherein Said plurality of monochrome data lines is a first 

plurality of monochrome data lines, 
wherein Said color data line is a first color data line, 
Said apparatus further comprising: 

a color rendering processor operably connected to Said 
frame Storage assembly by a Second plurality of 
monochromatic data lines, Said color rendering pro 
cessor operably connected to Said frame Storage 
assembly by a Second color data line, Said color 
rendering processor Sequentially processing Said plu 
rality of Sub-frame images with corresponding Said 
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plurality of color image frames to produce a plurality 
of composite image frames, and 

a recorder to record Said plurality of composite image 
frames for later real time playback. 

14. An apparatus as in claim 12: 
wherein Said plurality of monochrome data lines is a first 

plurality of monochromatic data lines, 
wherein Said color data line is a first color data line; 
Said apparatus further comprising: 

a plurality of color rendering processors, Said plurality 
of color rendering processors respectively operably 
connected to Said frame Storage assembly by a 
Second plurality of monochromatic data lines, 

wherein each of Said plurality of color rendering pro 
cessors being operably connected to Said frame Stor 
age assembly by a Second color data line; 

wherein Said plurality of color rendering processors 
concurrently processes respective Said plurality of 
Subframes of each said plurality of monochrome 
image frames with Said plurality of color image 
frames to produce a plurality of composite image 
frames in real time. 

15. An apparatus as in claim 14 further comprising a 
recorder to record Said plurality of composite image frames. 

16. An apparatus as in claim 15 wherein Said recorder is 
a digital mass Storage device. 

17. An apparatus as in claim 15 further comprising a 
display device for viewing Said plurality of composite image 
frames. 

18. An apparatus as in claim 17 wherein Said display 
device transmits said plurality of composite image frames to 
a motion picture film recorder. 

19. An apparatus as in claim 11 wherein said first sensor 
is a first charge coupled device and Said Second Sensor is a 
Second charge coupled device. 

20. An apparatus as in claim 11 further comprising: 
a lens assembly for receiving Said visual input; and 
a beam splitter for Simultaneously directing Said Visual 

input to Said first Sensor and to Said Second Sensor. 
21. A method for reproducing visual images comprising 

the Steps of: 
directing a plurality of Visual images to a first image 

Sensor and a Second image Sensor, 
producing a plurality of monochrome image frames 

respectively from Said plurality of Visual images, each 
of Said plurality of monochromatic image frames hav 
ing a first plurality of pixels; 

producing a plurality of color image frames respectively 
from Said plurality of Visual images, each of Said 
plurality of color image frames having a Second plu 
rality of pixels; 

respectively combining Said plurality of monochrome 
image frames with Said plurality of color image frames 
to produce a plurality of composite image frames, each 
of Said plurality of composite image frames having a 
plurality of composite pixels; 

wherein the Step of producing a plurality of monochrome 
image frames is producing a plurality of high resolution 
monochrome image frames, Said first plurality of pixels 
is a plurality of high resolution pixels, Said Second 
plurality of pixels is a plurality of low resolution pixels, 
each of Said plurality of low resolution pixels corre 
sponding to at least one of Said plurality of high 
resolution pixels, Said plurality of composite pixels 
respectively corresponding to Said high resolution pix 
els, 
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16 
producing a hue variable for each low resolution pixel, 
producing a Saturation variable for each low resolution 

pixel, 
producing a high resolution grayScale value variable for 

each high resolution pixel, 
applying Said hue variable to a portion of Said plurality of 

composite image pixels, 
applying Said Saturation variable to Said portion of Said 

plurality of composite image pixels, and 
applying Said high resolution grayScale value variables 

respectively to one of Said plurality of composite image 
pixels. 

22. A method as in claim 21 further comprising the Step: 
repeating Said Step of combining for each of Said plurality 

of high resolution pixels in each Said plurality of high 
resolution monochrome image frames. 

23. A method for reproducing visual images comprising 
the Steps of: 

directing a plurality of Visual images to a first image 
Sensor and a Second image Sensor, 

producing a plurality of monochrome image frames 
respectively from Said plurality of Visual images, each 
of Said plurality of monochromatic image frames hav 
ing a first plurality of pixels, 

producing a plurality of color image frames respectively 
from Said plurality of Visual images, each of Said 
plurality of color image frames having a Second plu 
rality of pixels; 

respectively combining Said plurality of monochrome 
image frames with Said plurality of color image frames 
to produce a plurality of composite image frames, each 
of Said plurality of composite image frames having a 
plurality of composite pixels; 

wherein the Step of producing a plurality of monochrome 
image frames is producing a plurality of high resolution 
monochrome image frames, Said first plurality of pixels 
is a plurality of high resolution pixels, Said Second 
plurality of pixels is a plurality of low resolution pixels, 
each of Said plurality of low resolution pixels corre 
sponding to at least one of Said plurality of high 
resolution pixels, Said plurality of composite pixels 
respectively corresponding to Said high resolution pix 
els, 

producing a plurality of color determination variables for 
each low resolution pixel; 

utilizing Said plurality of color determination variables to 
control Said Step of combining Said plurality of high 
resolution monochrome image frames with Said plural 
ity of color image frames, 

producing a low resolution grayScale value variable for 
each pixel in each of Said plurality of color image 
frames, 

applying Said hue variable to Said portion of Said plurality 
of composite image pixels, 

applying Said Saturation variable to Said portion of Said 
plurality of composite image pixels, and 

producing a composite grayScale value variable from Said 
low resolution grayScale value variable and from at 
least one of Said high resolution value variable. 

24. A method for reproducing visual images comprising 
the Steps of: 

directing a plurality of Visual images to a first image 
Sensor and a Second image Sensor, 

producing a plurality of monochrome image frames 
respectively from Said plurality of Visual images, each 
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of Said plurality of monochromatic image frames hav 
ing a first plurality of pixels; 

producing a plurality of color image frames respectively 
from Said plurality of Visual images, each of Said 
plurality of color image frames having a Second plu 
rality of pixels; 

respectively combining Said plurality of monochrome 
image frames with Said plurality of color image frames 
to produce a plurality of composite image frames, each 
of Said plurality of composite image frames having a 
plurality of composite pixels; 

Viewing Said plurality of color image frames, 
Selectively editing Said plurality of color image frames 
whereby a portion of Said plurality of color image 
frames are discarded to result in a resultant plurality of 
color image frames, 

matching Said resultant plurality of color image frames 
with respective Said plurality of monochrome image 
frames to produce a resultant plurality of monochrome 
image frames, and 

discarding any one of Said plurality of monochrome 
image frames not corresponding to any one of Said 
resultant plurality of monochrome image frames. 

25. An apparatus for producing a color image from a 
Visual input comprising: 

an optical assembly for receiving Said visual input; 
a first Sensor operably connected to Said optical assembly, 

Said first Sensor producing a monochromatic image 
from Said Visual input; 

a Second Sensor operably connected to Said optical 
assembly, said Second sensor producing a color image 
from Said Visual input; 

a processor for producing a composite image from Said 
monochromatic image and Said color image; 
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wherein Said first Sensor is high resolution respective to 

Said Second Sensor; 
wherein Said first Sensor produces a first plurality of pixels 

representative of Said Visual image; 
wherein Said Second Sensor produces a Second plurality of 

pixels representative of Said Visual image; 
wherein each of Said Second plurality of pixels corre 

sponds to at least one of Said first plurality of pixels, 
wherein each of Said first plurality of pixels has a gray 

Scale value; 
wherein each of Said Second plurality of pixels has a hue 

value and a Saturation value; 
wherein Said composite image comprises a third plurality 

of pixels, Said third plurality of pixels respectively 
corresponding to Said first plurality of pixels, 

wherein each of Said third plurality of pixels has a 
composite grayScale value; 

wherein each of Said third plurality of pixels has a 
composite hue value, Said composite hue value being 
calculated from Said hue value of one of Said Second 
plurality of pixels and from grayScale values of a group 
of pixels of Said first plurality of pixels, Said group of 
pixels being adjacent to each respective corresponding 
Said first plurality of pixels, and 

wherein each of Said third plurality of pixels has a 
composite Saturation value, Said composite Saturation 
value being calculated from Said Saturation value of one 
of Said Second plurality of pixels and from grayScale 
values of a group of pixels of Said first plurality of 
pixels, Said group of pixels being adjacent to each 
respective corresponding Said first plurality of pixels. 
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